Pharmaceutical counterfeiting is a health scourge responsible for several cases of morbidity and mortality. Counterfeit medicines cause therapeutic failure, emergence of resistance in the treatment of infections. This study was conducted in order to identify counterfeit and authentic medicines in circulation in Lubumbashi. The study included artemether and artesunate for oral administration. A careful visual inspection of medicine, investigation of authenticity of pharmaceutical products from manufacturers and pharmaceutical regulatory authorities and determination of content were used as study parameters. 52 samples: 37 artemether and 15 of artésunate were collected. 7 samples (13%) have proven to be counterfeit. Artemether was the most counterfeit (71%) and 29% for artesunate. 6 (12%) samples were substandard according to the international pharmacopoeia in terms of content of active ingredient. Sixty-seven percent of non-compliance concerned counterfeit medicines. The proportion of non-compliance is highest among counterfeit medicines (71.43% vs 2.22%; p = 0.000004). It is obvious that strengthening the capacity of the drug regulatory authority of the DRC reduces the influx of counterfeit drug and substandard.
Introduction
The drug counterfeiting represents a health scourge responsible for several cases of morbidity and mortality [1] [2]. The use of counterfeit drugs can increase the risk of therapeutic failure in the treatment of various diseases and it can also be the basis of drug intoxications [3] [4] . It is estimated that over 10% of drugs in circulation in the world are counterfeit but the rate is much higher in developing countries because of the weakness and lack of drug regulatory systems [5] [6] .
Counterfeiting affects all types of medicine, however, the medicines concerned are not the same across countries. In industrialized countries, the targets tend to be lifestyle medicines such as narcotics or treatments for erectile dysfunction. Poor countries are mainly affected by counterfeit antiparasitics [1] [7] .
Counterfeiting antimalarial drugs in developing countries such as DR Congo are increasingly seen as a major threat to public health. Artemether and artesunate are among the most widely used antimalarial, they are used in combination therapeutic such as Artemisinin-based combination and are recommended as first-line drug in the treatment of malaria [8] - [10] .
Artemether and artesunate ( Figure 1 and Figure 2 ) are metabolized by the CYP enzymes including CYP2B6 and CYP3A4 to active dihydroartemisinin (DHA), which is further metabolized (via glucuronidation and/or oxidation) to inactive products, they produce more profound reductions in parasitaemia and more rapid symptom relief than agents from any other anti-malarial class [11] [12] . The growing need for their use in the treatment of malaria makes them the most targeted by counterfeiters.
Considering all questions above-mentioned, it seemed important to conduct a study on counterfeiting of artemether and artesunate with the objective to identify counterfeit and genuine medicines marketed in Lubumbashi and assess the quality of all samples concerned by this study.
Material and Methods
Geographically this study included drugs obtained in Lubumbashi, provincial capital of Haut-Katanga, southeastern province of Democratic Republic of Congo, the city has seven townships: Lubumbashi, Kampemba, 
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Kamalondo, Kenya, Katuba, Ruashi and Annex. The samples were collected in four types of pharmaceutical establishment: establishment of wholesale, pharmacies opened to public, hospital pharmacies and public market.
Sampling Method
Samples were purchased from 15 th December 2014 to 10 th January 2015. The selection of collecting site were not the same for the types of pharmaceutical structures indicated above, thus, establishment of wholesale are twenty-two in Lubumbashi, they are all located in Lubumbashi city center and have been all selected as the collecting site of our samples. Regarding hospital pharmacies, general reference hospitals are eleven (Katuba, Kamalondo, Kenya, Kisanga, Kampemba, Jason Sendwe, Ruashi, Vangu, Munua, Tshiamilemba and Kowe), they were automatically chosen for the collection site of our samples. Concerning pharmacies opened to public, their selection was made randomly, we randomly selected 5 pharmacies in each township of the city of Lubumbashi. Public market where medicine are sold are six in Lubumbashi Kenya, Zambia, M'zee, Texaco, Congo and Katuba , we selected all those markets to collect our samples.
Each sample was collected with his withdrawal slip which contains the necessary informations on the traceability of samples collected: active ingredient and strength, brand name, manufacturing and expiring date, batch number, registration number, quantity purchased, date and place of collection and the price of each samples acquired.
Samples which were collected from the same or different pharmaceutical establishment and carrying a label indicating the same mentions: active ingredient, brand name, name and address of the manufacturer or marketer, the number of marketing authorization, batch number, date of manufacture and expiry, batch number, and having the same pharmaceutical form and strength were considered as one sample.
For the purpose of authenticity investigation, the medicines were required to be sold with their outer containers (boxes or plastic bags), or at least with their blisters, providing minimum information about the manufacturer or marketer and the batch/lot number.
Pharmaceutical forms that were involved in this study are those for oral administration, i.e. tablets, capsules, and oral suspensions. All the samples were kept at room temperature until analysis.
The standards used have been ordered and obtained from approved by Sigma Aldrich. In Table 1 , we give information on standard products used.
Observational Analysis
Identification of a potentially counterfeit medicine passes first through careful visual inspection of the product. It consisted in examining: the location of mentions on the packaging, the physical aspect of pharmaceutical forms, the bar code, hologram, logo, typography, drawings or pictures, spelling words, language(s) mentioned (s) by the manufacturer, the instructions, the color of the packaging and product etc. [13] [14] .
Each sample received a visual inspection questionnaire which incorporated informations on the samples collected including: primary and secondary packaging, physical appearance of tablet, capsule, solution for oral drop and powder for suspension, the particle size powders for drinkable suspensions forms…
Investigation of Authenticity
Besides complete analytical tests, WHO advises to contact the manufacturer on the label and the pharmaceutical regulatory authorities (PRA) of the country of marketing and manufacturing [14] [15] . In this study, we went to meet the pharmaceutical regulatory authority of DR Congo. The purpose of this investigation was to verify whether medicines collected in the pharmaceutical market were legally marketed in Lubumbashi. Thus, a formulary was intended for the local pharmaceutical regulatory authority who has the official list of medicines registered and authorized to be marketed in DR Congo. Concerning authenticity from manufacturers, they were contacted by using labels, online searches, e-mail and telephone communication. Portions of all samples were sent to the manufacturer with a request for authentication. 
Chemical Analysis
The molecules concerned by this study were identified by thin layer chromatography and color reactions. The assay was performed by titrimetry and UV visible Spectrophotometry [16] .
Artésunate
TLC: Dissolve 0.10 g of artesunate sample in acetone and make up to 10 ml with the same solvent. Reference solution: Dissolve 0.10 g of artesunate in acetone and make up to 10 ml with the same solvent; Drop in spot on the aluminum plate 5 ml of each solution; Develop over a path of 15 cm using a mixture of petroleum ether and ethyl acetate (7 ÷ 3); Dry the plate in ambient air; Detecting the spots by spraying the vanillin sulfuric acid solution. Results: If the sample contains artesunate, the task of the chromatogram obtained with the test solution has the same Rf value as that of the task of the control product. The Rf is the rapport between the distance traveled by the compound and the distance traveled by the solvent front. Colour Reaction: A quantity of powder equivalent to 0.1 g of artesunate, add 40 ml of absolute alcohol, shake and filter; Add 0.5 ml hydroxylamine chloride in the half of the filtrate and 0.25 ml of sodium hydroxide (80 g/l); Heat the mixture in a boiling water bath; Allow to cool, add 2 drops of hydrochloric acid (70 g/l) and 2 drops of ferric chloride (50 g/l), a light purple color is obtained; Evaporate the rest of the test filtrate "A" until a volume of about 5 ml; Put a few drops in a bowl in white porcelain; Add a drop of vanillin/sulfuric acid and let stand 30 minutes: a red coloration occurs when the presence of artésunate.
Determination of Content: A quantity of powder equivalent to 0.5 g of artesunate, add 50 ml of neutralized ethanol, stir (1000 rpm about 15 minutes), filter by abandoning the first milliliters of the filtrate; Measure 25 ml of the filtrate with sodium hydroxide (0.05 mol/l); Use 2 drops of phenolphthalein indicator. Each ml of sodium hydroxide is equivalent to 19.22 mg artésunate.
Arteméther
TLC: Dissolve 0.10 g of artemether sample in toluene and complete to 10 ml with the same solvent. Reference solution: Dissolve 0.10 g of artemether in toluene and complete to 10 ml with the same solvent. Place on the alumina plate 2 ml of each solution; Develop over a path of 15 cm with a solvent system consisting of toluene and ethyl acetate (95 ÷ 5); The plate is dried in ambient air and spraying anisaldehyde/methanol, heating the oven at 120˚C for 5 minutes; Examine under ultraviolet light at 254 nm. Results: If the sample is artemether, the task of the chromatogram obtained with the test solution is similar in height to the task of the control product.
Colour Reaction: A quantity of powder corresponding to 0.08 g of artemether, add 40 ml of absolute alcohol, shake and filter; Evaporate half of the filtrate to about 1 ml, add 0.10 g of potassium iodide and heated, a yellow color is obtained; Evaporate the other half of the test filtrate "A" in a volume of about 5 ml; Put a few drops in a bowl in white porcelain; Add a drop of vanillin/sulfuric acid, a pink color is obtained.
Determination of Content: Weigh a quantity of powder corresponding to 13 mg of Artemether accurately weighed, put the powder into a 100 ml volumetric flask and bring to volume with absolute ethanol; Shake well for about 15 minutes and filter, discard the first 10 ml of the filtrate; Measure exactly 5 ml of the clear filtrate, put in a 50 ml flask and dilute up to the mark with HCl ethanolic 1 mol/l; Stir and heat in a water bath at a temperature of 55˚C for 5 hours; cool to room temperature; Operate the spectrophotometric analysis using absolute alcohol hydrochloride solution (1 mol/l) as white; Determine the absorbance at the wavelength of 254 ± 1 nm and calculate the artemether content using the following formula. 
Statistical Analysis
Data analysis was performed using Epi-info version 7.0. The p value was determined to check whether the results were statistically significant.
Results and Discussion

Sampling
52 samples were collected: 37 of artemether and 15 of artesunate. Establishments of wholesale provided 19 (37%) samples, followed by pharmacies opened to public pharmacies 15 (27%), and respectively 21% and 13% for public market and hospital pharmacies. The predominance of samples provided by establishments of wholesale is explained by the fact that they supply the majority of other pharmaceutical establishments: pharmacies opened to public, hospital pharmacies and the drugs sold in public markets. The most represented pharmaceutical form is tablet with 39 (75%) samples followed by oral suspension 13 (25%). 38% of samples collected are manufactured in India (Figure 3) , Chine represent 17% of samples collected followed by DR Congo (13%), Italia (12%) and 10% for Belgium and Switzerland.
Authenticity
Investigation of samples authenticity from pharmaceutical regulatory authorities (PRA) of the country of marketing revealed that 12 (33%) samples were not authorized and not registered to be marketed in Democratic Republic of Congo. 10 (83%) cases concerned artemether, and 2 (17%) concerned artesunate. Samples illegally marketed in DR Congo are mostly from Asia 69%, 48% for India and 21% for China, the samples produced locally represent 31% as shown in Figure 4 .
Requests were sent asking 13 manufacturers to authenticate 38 products. 3 manufacturers could not be contacted. Six manufacturers responded for 18 (47%) of the samples. 7 samples were described counterfeit and 30 as authentic.
We give in Figure 1 the illustration of counterfeiting detected. Indeed, the counterfeit medicine represented in Figure 5 , reproduce exactly the genuine package but we can observe that the picture which is on the counterfeit sample is more deeper red than picture which is on genuine package. We can also observe that the validity date of counterfeit sample is for 4 years but it's for 2 years on the genuine package. After inquiries from the genuine manufacturer, date of manufacture and expiry, batch number have been incorrect.
The investigation method of drugs authenticity has been practiced rarely and often incomplete, because of the time and budget required for its efficient working. This is the case of Khail et al. (2013) [15] who investigated the authenticity of drugs from medical regulatory authority of manufacturers country and manufacturer, only 3 of 11 medical regulatory authority replied to requests for verification of the legitimacy of manufacturers and samples. Six of 15 manufacturers participated to the study. 
Identification
All samples contained the active ingredients (artemether and artesunate). Our results differ from those obtained by Nnanga et al. (2015) [17] who found that out of 30 samples, 10% of them did not contain Artemether, the samples were from Yaounde illicit market. Tipke et al. (2008) [18] obtained 100% positive responses by identifying Artesunate with colorful reactions and TLC examining nine and fifteen samples respectively. The same percentage was obtained by Bate et al. in 2008 [19] working on 32 formulations.
Content Analysis
Of 52 samples, 6 (12%) were non-complaints according to the International Pharmacopoeia in terms of content of active ingredient (90% -110%) including 4 (67%) of artesunate and 2 (33%) of artemether. The active ingredient was lower amount (under-dosing) for all samples non complaints. Artesunate is the most represented with 4 samples (67%) non-compliants, followed by artemether with 33%. 4 cases of non compliance concerned the tablet form and 2 for oral suspension. Non-compliant samples found were from market public (83%) and pharmacy opened to public (17%). All 4 products dosed by Dondorp et al. (2004) [20] in Southeast Asian meet the standards of the International Pharmacopoeia. Elsewhere, non-compliance of samples concerned three countries: Italia (2 samples), DRC (2 samples) and India (2 samples). Out of 6 Samples non complaints ( Table 2) , counterfeit samples detected in this study represent 71% (5 samples) of non-compliance. All of them were the case of under-dosing.
It has been reported that counterfeit drugs are rarely effective and even dangerous and harmful to human health [3] [12] . Aka et al. (2005) [14] found that from 44 samples collected in Cote d'Ivoire, 42 were not registered, the determination of content active ingredient revealed that only one sample were not compliant (absence of active ingredient), this sample were not registered in Côte d'Ivoire and were declared to be counterfeit.
All counterfeit drugs were from public market. This finding corroborates the advanced data by several studies: the significant presence of the illegal market is a potential factor favouring the circulation of counterfeit drugs. All counterfeit samples had an identifiable country of origin: 60% were from India and 40% from Italia. Delepierre et al. (2012) [8] found that 78% of counterfeit anti-infectives detected in their study were from Asia.
From the above, comparing non complaints between counterfeit and authentic samples, we find in this study that the proportion (Table 3 ) of non-compliance is the highest among the counterfeit samples (71.43% vs 2.22%; p = 0. 000004). 
Study Limits
Though the purchase of sample were done with discretion so as not to attract the attention of people around, in public markets, the sale of drugs is an activity that is not officially recognized by the authorities, some sellers mobile or fixed have been reluctant to us, that situation it did not allow us to gain some desired samples. It is true that the sample size can not be generalized to overall pharmaceutical market in Lubumbashi but it reflects the situation of the pharmaceutical market in Lubumbashi and for the first time this study gave interesting information on counterfeit and genuine medicines marketed in Lubumbashi.
Conclusions
This study was undertaken with the aim of detecting counterfeit and authentic drugs marketed in Lubumbashi and to assess the quality of all medicines collected. The study showed that Lubumbashi was not saved by counterfeiting phenomenon and drug counterfeit represented a potential risk in the treatment of malaria because 71% of non-compliance found in this study concerned counterfeit medicines.
It is obvious that strengthening the capacity of the pharmaceutical regulatory authority of DRC will reduce the presence of counterfeit/substandard drugs. It is also essential that a strengthened control at the borders must be permanent in order to reduce the presence of substandard/counterfeit drugs in the pharmaceutical market of Congo.
In the future, a deep study will allow: 1) to determine the prevalence of counterfeit active ingredients concerned by this study in Lubumbashi 2) to widen the sample size 3) to add other laboratories tests (galenic tests and determining content active by HPLC) to assess the impact of the active ingredients on human health.
